Angiocentric glioma is a rare subtype of neuroepithelial tumor that is associated with a history of epilepsy. We report a case of cystoid angiocentric glioma associated with an area of calcification. This 25 year old male patient presented with tonic clonic spasm. He underwent craniotomy with complete resection of the lesion. Pathologic specimen showed monomorphous bipolar cells with angiocentric growth pattern.
CASE REPORT

Presentation
This 25-year-old male presented to our hospital on February 2014 with a history of multiple seizure episodes within the past year. The seizures, which were tonic-tonic spasms, occurred at nighttime with each episode lasting about 2 minutes. The episodes were not associated with headaches or focal neurological deficits. Routine EEGs showed no abnormalities.
Imaging features
Head Computed Tomography (CT) showed a low density lesion involving the right frontal region. There was also a small area of calcification located anterior to the lesion (Fig.  1) . Magnetic resonance imaging (MRI) demonstrated a relatively well defined cystoid lesion that was hypo-intense on T1WI (T1-weighted image) and FLAIR (fluid attenuated inversion recovery) image, and hyper-intense on T2WI (T2-weighted image) (Fig. 2 ). There were no diffusion restrictions on DWI (diffusion weighted image) (Fig. 2) . There was an intrinsic cortical high signal "rim" surrounding the lesion on T1WI (Fig. 3) . Coronal T2WI showed an ovoid lesion (1.7cm×1.3cm×1.0cm) perpendicular to the cerebral ventricle (Fig. 3) . No enhancement was observed within the lesion on postcontrast T1WI (Fig. 4) .
Treatment
The patient underwent right frontal lobe craniotomy with gross total resection. Intraoperative findings showed slight enlargement of the cortical gyri and narrowing of adjacent sulcus around the lesion, which contained a large cystic cavity filled with clear yellow fluid. Post-operatively, patient received anti-epileptic medications for three months.
Histopathology examination demonstrated that bipolar single cells were centered around the cortical blood vessels (Fig. 5) . Immunohistochemistry was positive for glial fibrillary acidic protein (GFAP), Vimentin and S-100 protein, and negative for NeuN. Epithelial membrane antigen (EMA) demonstrated tiny positive staining. The Ki-67 prolifration index was 1-3%. Pathologic diagnosis confirmed angiocentric glioma (WHO?). up, the patient had no clinical evience of recurrence (Fig 5) . Patient will continue to undergo routine follow up to assess for recurrence. Table 1 shows the clinical and imaging characteristics of the 59 reported cases of angiocentric gliomas. The age range of these patients is 2 to 70 years with an average age of 16.33 years. Both male and females are equally affected with a male to female ratio of 1. The main clinical feature is intractable epilepsy, which is characterized as generalized tonic-clonic seizures, partial complex seizures and psychomotor seizures. The frequency of seizures ranged from 1 episode monthly to 20-30 daily episodes in 14 of the reported cases. The location of the 59 cases of angiocentric gliomas were in the superficial lobes with the temporal and frontal lobes being the most common sites. 6 cases were located in the hippocampus (6/59, 10.17%). Typical locations are the cortex and sub-cortical white matters. 54 cases were solid lesions, associated with illdefined hyper-intensity on T2WI and FLAIR. Due to calcifications or hemorrhage, the lesion is heterogenously intense on T1WI. Calcifications were rare (3/59, 5.08%) [3, 4, 24] . The presence of cortical high signal "rim" on T1WI might be related to long-term lesion compression. MRI with contrast was performed for 47 cases of which 40 (40/47, 85.11%) were non-enhancing. Only 5 (5/59, 8.47%) cases [4, 5, 6, 7] were cystic or partial cystic lesions. Some showed stalk-like extension to the cerebral ventricle, which was first reported by . This imaging feature is also seen in dysembryoplastic neuroepithelial tumors (DNETs) and dysplasias, which suggests angiocentric gliomas may share both dysplasic and neoplastic origins. Cortical hyper-intense "rim" on T1WI and stalk-like extension to the cerebral ventricle on T2WI are MRI characteristics of angiocentric gliomas.
Etiology and Demographics
Clinical & Imaging findings
Treatment & Prognosis
Angiocentric gliomas generally causes epilepsy with most of the affected patients juveniles. The first line treatment is surgical resection. Table 2 shows the treatment and prognosis of the 57 reported cases of angiocentric gliomas. 90.24% patients were seizure-free after gross total surgical resection.
Mott [5] reported a patient who underwent fractionated radiation therapy for a tumor located in the cortical region associated with motor functions. The treatment result in a 50% reduction in tumor size and the patient had no seizure episodes at 5 months follow-up. Post-operatively, most patients do not require radiation or chemotherapy, however, radiation treatment is recommended for tumors located in the functional area [5] . One patient (1/57, 1.75%) who underwent partial resection plus radiotherapy and chemotherapy, had tumor recurrence and died of angiocentric glioma [2] . Chen [8] found that the range of abnormal brain discharges exceeded the area of the tumor by using intraoperative cortical electroencephalogram monitoring. Chen et al proposed that it was the reason why 38.46% patients were not seizure free after subtotal resections. For these cases, more extensive resection is needed to control epilepsy.
The final diagnosis of angiocentric glioma is confirmed histopathologically, which is characterized by monomorphous bipolar cells, an angiocentric growth pattern and immunoreactivity for GFAP, Vimentin and S-100 protein, but not for Synaptophysin (Syn) or NenN. Due to its nonagresssive clinical behavior, angiocentric glioma is assigned to WHO grade I [1]. Most typical angiocentric gliomas are indolent, slow growing and exhibits Ki-67 less than 5%. There are only four reported cases (4/59, 67.80%) with elevated proliferation index [2, 9, 10, 11].
Differential Diagnoses
Ganglioglioma, pleomorphic xanthoastrocytoma, and DNETs are main differential diagnosis, and are all commonly located in the temporal lobe.
Ganglioglioma is a well-circumscribed lesion with cystic components and calcification on CT, and about 50% of them show contrast enhancement [26] . The tumors with solid and cystic components are defined by hypo-intense signals on T1WI with homogeneous enhancement of solid portion, and hyper-intense signals on T2WI. Cystic tumors are more common in young pediatric patients (mean age of 5.5 years, 83%) than in adults (mean age of 25.6 years, 63%) [27] .
One-third of pleomorphic xanthoastrocytoma demonstrate hemorrhage on CT, but calcification is rare. Cysts, inner table scalloping, extensive vasogenic edema, and contrast enhancements in the mural nodule on MRI are the characteristic manifestation of pleomorphic xanthoastrocytoma. Relatively low ADC values of the solid components help to differentiate these tumors from other lowgrade supratentorial, peripheral tumors [28] .
Dysembryoplastic neuroepithelial tumors (DNETs) are typically low density non-calcified mass on CT. The tumor is hypo-intense on T1WI and hyper-intense on T2WI. Adjacent cortical thickening is a characterisitc feature of DNET, which helps to differentiate it from other benign tumors [29, 30] .
Conclusion
The characteristics of angiocentric glioma are summarized as follows: (1) the tumors occur predominantly in young age; (2) Seizure is the primary clinical presentation; (3) MRI shows DISCUSSION non-enhancing hyper-intense lesions on T2WI, which are located supratentorially, predomantly located in the temporal lobe; (4) The tumor has typical pathological features; (5) Total surgical resection is associated with a favorable outcome. However tumors located in the functional area requires postoperative chemotherapy or radiation treatments.
Angiocentric glioma is a rare tumor associated with epilepsy. On MRI it is characterized by cortical hyper-intense "rim" on T1WI and ovoid lesion perpendicular to the cerebral ventricle on T2WI. It is histopathologically characterized by monomorphous bipolar cells with angiocentric growth pattern. Of the 59 cases, there was no gender predilection and the male to female ratio was 1.
Age predilection
Age range of 2 to 70 years with an average age of 16.33.
Risk factor
Unknown Treatment
Gross total surgical resection is recommended. Radiotherapy is necessary for tumors located in the functional area. Prognosis 90.24% patients were seizure-free after gross total surgical resection. Findings on imaging MRI: supratentorial lobe, predominantly in the temporal lobe; hyper-intense lesion on T2WI without enhancement, cortical hyper-intense "rim" in T1WI and stalk-like extension to the cerebral ventricle in T2WI. 
Online access
This publication is online available at:
www.radiologycases.com/index.php/radiologycases/article/view/2413
Peer discussion
Discuss this manuscript in our protected discussion forum at: 
